Individuals with the neurofibromatosis 2 (NF2) inherited tumor predisposition syndrome are prone to the development of nervous system tumors, including schwannomas and meningiomas. The NF2 tumor suppressor protein, merlin or schwannomin, inhibits cell growth and motility as well as affects actin cytoskeleton-mediated processes. Merlin interacts with several proteins that might mediate merlin growth suppression, including hepatocyte growth factor-regulated tyrosine kinase substrate (HRS or HGS). Previously, we demonstrated that regulated overexpression of HRS in RT4 rat schwannoma cells had the same functional consequences as regulated overexpression of merlin. To determine the functional significance of this interaction, we generated a series of HRS truncation mutants and defined the regions of HRS required for merlin binding and HRS growth suppression. The HRS domain required for merlin binding was narrowed to a region (residues 470-497) containing the predicted coiled-coil domain whereas the major domain responsible for HRS growth suppression was distinct (residues 498-550). To determine whether merlin growth suppression required HRS, we demonstrated that merlin inhibited growth in HRS þ/þ , but not HRS À/À mouse embryonic fibroblast cells. In contrast, HRS could suppress cell growth in the absence of Nf2 expression. These results suggest that merlin growth suppression requires HRS expression and that the binding of merlin to HRS may facilitate its ability to function as a tumor suppressor.
INTRODUCTION
Neurofibromatosis 2 (NF2) is an autosomal dominant inherited tumor predisposition syndrome in which affected individuals are prone to the development of specific nervous system tumors (1) . The hallmark central nervous system tumor in NF2 is the schwannoma, typically involving both eighth cranial nerves (bilateral vestibular schwannomas). Continued growth of these tumors leads to deafness and balance problems. In addition to bilateral vestibular schwannomas, schwannomas can occur on other cranial or peripheral nerves throughout the body. The second most common tumor in NF2 is the meningioma, arising from leptomeningeal cap cells and is seen in 50% of affected individuals. Lastly, ependymomas and, less commonly, astrocytomas are also observed in NF2 patients.
The NF2 gene was identified by positional cloning in 1993 and found to encode a 595 amino acid protein termed merlin or schwannomin (2, 3) . Merlin contains three predicted structurally important regions, including an amino terminal FERM domain (residues 1-302), a central alpha helical region (residues 303-479) and a unique carboxyl terminus (residues 480-595). Based on this structure, merlin has been classified as a member of the Protein 4.1 subfamily of proteins that includes ezrin, radixin and moesin (ERM proteins) (4) . These proteins are proposed to link the actin cytoskeleton to cell surface glycoproteins. While ERM proteins have not been directly implicated in growth regulation, ezrin has been shown to modulate apoptosis in particular cell types (5) . Like other ERM proteins, merlin binds to actin and is associated with the actin cytoskeleton (6) . However, merlin has a different subcellular distribution than other ERM proteins in peripheral nerve Schwann cells, reinforcing the idea that merlin is a unique member of this Protein 4.1 family of proteins (7, 8) .
Since individuals with NF2 are at increased risk of developing specific nervous system tumors, the NF2 gene has been hypothesized to function as a tumor suppressor (9) . Support for this classification derives from studies demonstrating germline mutations in the NF2 gene in NF2 patients and bi-allelic inactivation of NF2 in NF2-associated tumors, including schwannomas, ependymomas and meningiomas (10) (11) (12) . Moreover, re-expression of the NF2 gene in merlindeficient meningioma cells in vitro and schwannoma cells both in vitro and in vivo results in growth suppression (13, 14) . In contrast, regulated expression of merlin containing missense NF2 patient mutations has no effect on cell growth either in vitro or in vivo (15) . Merlin loss is also observed in nearly all sporadic schwannomas and over half of sporadic meningiomas, suggesting that the NF2 tumor suppressor plays a more general role in the molecular pathogenesis of these tumors (16) (17) (18) (19) .
Clues to the mechanism of action of merlin have derived from several different studies. Mice with a targeted mutation in the Nf2 gene develop malignant tumors that exhibit a highly metastatic phenotype (20) . This finding suggested that merlin might normally regulate both cell proliferation and actin cytoskeleton-associated processes important for mediating cell motility. In this regard, human NF2-deficient schwannoma cells have defects in actin cytoskeleton organization that can be restored by the re-expression of wild-type, but not mutant, merlin (21) . This phenotypic abnormality can also be partially rescued by modulating Rac/Rho signaling (22) . In addition, regulated overexpression of wild-type merlin, but not merlin containing missense NF2 patient mutations, in rat schwannoma cells results in reduced cell motility and alterations in actin cytoskeleton organization during the initial phases of cell spreading in vitro (15, 23) .
Merlin has been shown to interact with a number of potentially important effectors, including a sodium-hydrogen exchange regulatory factor (24) , an actin-binding protein (bIIspectrin) (25) , schwannomin interacting protein (26) , syntenin (27) , the CD44 transmembrane hyaluronic acid binding protein (28, 29) and hepatocyte growth factor-regulated tyrosine kinase substrate (HRS/HGS) (30, 31) . Merlin interacts with HRS through residues in the merlin carboxyl terminal region. Previous studies from our laboratory have shown that regulated overexpression of HRS has similar effects to overexpression of merlin on rat RT4 schwannoma cell proliferation and actin cytoskeleton-associated processes (30) . HRS overexpression results in reduced RT4 cell proliferation and motility as well as alterations in actin cytoskeleton organization during the initial phases of cell spreading (31) .
HRS was originally identified as a 115 kDa tyrosinephosphorylated protein in B16-F1 mouse melanoma cells treated with hepatocyte growth factor (HGF) (32) . HGF is one of the most potent mitogenic stimuli for Schwann cells and has been shown to promote cell motility in a variety of cell types (33, 34) . Human HRS contains 777 amino acids with several conserved protein-protein interaction domains, including a FYVE domain, a VHS zinc finger domain, a coiled-coil domain and two proline-rich regions (32) . The FYVE and VHS domains have been implicated in the localization of HRS to the early endosome, where HRS functions to modulate endocytosis and exocytosis (35, 36) . In addition, HRS has been suggested to function in the TGF-b signaling pathway by binding to SARA, a Smad family adaptor protein (37) , as well as mediate cell growth regulation by binding to the STAT signal transducing adaptor molecule (STAM) and modulating STAT pathway signaling (38) .
To elucidate the relationship between HRS binding and merlin function, we determined the HRS domains required for growth suppression and merlin binding. In this report, we demonstrate that the HRS domains important for merlin binding and HRS growth suppression are distinct. We further show that merlin growth suppression is impaired in cells lacking HRS expression, but that HRS can function as a growth suppressor in the absence of merlin expression. Collectively, these results suggest that merlin growth suppression is dependent on HRS and that HRS may function to transduce the merlin growth suppressor signal.
RESULTS

Truncated HRS fragments are expressed both in vitro and in vivo
In order to study the interaction between merlin and HRS, we generated a series of truncated human HRS fragments as described in the Materials and Methods section. Truncated HRS fragments were designed to serially delete the predicted conserved protein-protein binding domains (Fig. 1A) . Two approaches were taken to demonstrate HRS fragment expression. Gene expression in vitro was demonstrated by coupled transcription and translation in vitro (TNT) and proteins were detected with the 9E10 anti-myc monoclonal antibody (Fig. 1B) . In vivo expression was demonstrated by transient transfection in RT4 schwannoma cells and detected by western blot using the 9E10 anti-myc monoclonal antibody in cell lysates (Fig. 1C) . Each of the HRS fragments produced proteins of the expected sizes both in vitro and in vivo.
The merlin binding site is located within the HRS predicted coiled-coil domain
To determine the region of HRS important for mediating the interaction with merlin, we performed two complementary sets of experiments. First, we employed glutathione-S-transferase (GST) affinity chromatography. GST-fused carboxyl-terminal (C-term) merlin (residues 299-595) protein was used to interact with radioactive TNT products of various HRS fragments. These initial experiments demonstrated that the carboxyl terminus of merlin could interact with HRS (270-777) and HRS (447-777) as well as full-length HRS (not shown), but not with HRS (270-435) and HRS (551-777) ( Fig. 2A) . Further experiments showed that the carboxyl terminus of merlin also interacts with HRS (447-626) and HRS (270-550) ( Fig. 2A) . Based on these results, we mapped the minimal region responsible for merlin binding to HRS residues 447-550.
Second, we analysed the interaction between the carboxyl terminus of merlin and different HRS fragments in vivo by co-immunoprecipitation after transient transfection in RT4 cells. These experiments demonstrated that HRS (270-497) and HRS (470-777) interact with the carboxyl terminus of merlin ( Fig. 2B) . In other experiments, equivalent binding to the carboxyl terminus of merlin was observed with HRS (270-497) and HRS (447-777) (Fig. 4A ). In contrast, HRS (270-435) and HRS (498-777) do not bind to the carboxyl terminus of merlin (Fig. 2B) . Collectively, these results suggest that merlin binding to HRS required residues 470-497 within the HRS predicted coiled-coil domain (Fig. 2C ).
HRS growth suppression requires residues in the carboxyl terminal domain
Next, we wanted to define the domain important for HRS growth suppression to determine whether it was distinct from the merlin-binding region. As we have shown previously, HRS overexpression results in decreased RT4 rat schwannoma cell growth in clonogenic assays as well as by using inducible RT4 cell lines (31) . Using the HRS truncation constructs described above, we analysed HRS-mediated RT4 growth suppression defined as a greater than 25% reduction in colony number compared with vector controls. Initially, we observed significant HRS growth suppression with constructs HRS (270-777) and HRS (447-777) (36.53%, P < 0.01 and 35.35%, P < 0.01, respectively; Fig. 3A ). In contrast, no significant growth suppression was observed with HRS (270-435) and HRS (551-777) (6.07%, P > 0.10 and 15.27%, P > 0.05, respectively; Fig. 3A ). To further narrow the minimal growth suppression domain of HRS, we studied additional fragments for their ability to suppress RT4 cell growth. As shown in Figure 3B , HRS (498-777) suppressed cell growth significantly (39.7%, P > 0.001), while HRS (270-497) and HRS (551-777) did not (12.09%, P > 0.05 and 12.82%, P > 0.05, respectively). Growth suppression was also seen with the HRS (470-777) mutant (data not shown). Based on these experiments, the domain required for HRS growth suppression maps between residues 498 and 551, which is distinct from the sequences important for merlin binding (Fig. 3C) .
A merlin-binding, but non-growth-suppressing, HRS mutant cannot reverse merlin growth suppression
Since the HRS domains important for merlin binding and HRS growth suppression were distinct and separable, we next evaluated the possibility that exogenous overexpression of an HRS fragment capable of binding to merlin, but not suppressing cell growth, might impair merlin growth suppression by interfering with endogenous merlin-HRS interactions. Using the HRS fragment containing residues 270-497, which does not suppress cell growth but binds merlin (Fig. 4A) , we transfected an inducible merlin RT4 cell line with HRS (270-497) as well as other HRS truncation mutants. Whereas merlin induction using doxycycline resulted in an $50% reduction in RT4 cell colony number ('vector'), HRS co-expression resulted in an 80% reduction ( Fig. 4B and C) . We observed no cooperative effect using the HRS (1-232) mutant that fails to bind merlin and lacks growth suppressor activity. HRS mutants capable of binding merlin and able to suppress growth [HRS (447-777)] exhibited similar growth suppressor properties as full length HRS. HRS (270-497) had no effect on merlin growth suppression, suggesting that interfering with endogenous merlin-HRS binding is not sufficient to reverse merlin growth suppression.
HRS is required for merlin tumor suppressor function
Given our inability to demonstrate a dominant inhibitory effect for growth suppressor defective merlin-binding mutants of HRS, we next sought to determine whether merlin growth suppression required HRS expression. To test this hypothesis, we assayed the ability of merlin to suppress cell growth in HRS-deficient mouse embryonic fibroblasts (Hrs À/À MEFs). The endogenous expression profiles of merlin and HRS were confirmed by Western blot using specific anti-merlin or anti-HRS antibodies (data not shown). In these experiments, merlin could not inhibit the growth of HRS deficient cells. In contrast, the re-introduction of HRS resulted in significant growth suppression (Fig. 5A) . In HRS þ/þ MEF (Fig. 5B ) or NIH3T3 (data not shown) cells, overexpression of either merlin or HRS resulted in growth suppression. Collectively, these data suggest that merlin growth suppression requires HRS expression.
HRS growth suppression does not require merlin expression
Since merlin cannot suppress MEF growth in the absence of HRS expression, we next wished to determine whether HRS growth suppression required merlin expression. Using Nf 2-deficient mouse embryonic cells (Nf 2 À/À MEFs), which express endogenous HRS, we demonstrated that re-introduction of either HRS or merlin could inhibit Nf 2 À/À MEF colony formation (Fig. 5C ). This is in agreement with our previous results demonstrating that HRS is capable of suppressing the growth of RT4 rat schwannoma cells that express nearly undetectable levels of merlin (31) . In contrast to merlin, HRS growth suppression does not require merlin expression and suggests that HRS may function downstream of merlin in a potential growth regulatory pathway.
DISCUSSION
Among the known merlin-interacting proteins, HRS is one of the most attractive candidates for a merlin effector protein that transduces the NF2 growth regulatory signal. Our previous studies identified HRS as a unique binding partner for merlin, which suggested that HRS might be involved in mediating merlin growth suppression (30, 31) . Several lines of evidence support a link between merlin and HRS. First, HRS is a specific merlin interacting protein and does not bind to other Protein 4.1 or ERM molecules (14, 30) . Second, HRS overexpression in RT4 rat schwannoma cells has the same functional consequences as regulated overexpression of merlin (31) . Lastly, HRS functions in the HGF signaling pathway, which has been implicated in the control of Schwann cell growth and motility (33, 34) , processes that are also modulated by merlin (15) . In this report, we define the residues on HRS required for merlin binding and HRS growth suppression and show that these regions are distinct and non-overlapping. We further demonstrate that merlin growth suppression requires HRS, but that HRS growth suppression is not dependent upon merlin expression. Collectively, these results suggest that HRS acts downstream of merlin and might function to transduce the merlin growth suppressor signal.
We were able to define the domain of HRS important for mediating interactions with merlin. This 'merlin-interaction' domain maps to residues 470-497 within the predicted coiledcoil domain in human HRS. A number of other HRS interacting proteins also bind to this region, including STAM (human HRS residues 452-570) (38) , HRS binding protein (mouse HRS residues 431-499) (39), synaptosome-associated protein of 25 kDa (rat HRS residues 478-562) (40), p21 activated kinase 1 (human HRS residues 451-570) (41) and sorting nexin-1 (rat HRS residues 225-541) (42) . Only HBP requires the same HRS binding region as merlin, based on more detailed HRS fragment binding studies. Additional mapping studies will be required to determine whether all the above HRS-binding proteins use the same binding domain as merlin. It is also not known whether HRS binding to these various molecules occurs in a mutually exclusive fashion or whether multi-molecular complexes containing a number of these proteins can exist in cells.
Using a series of HRS truncation mutants, we were able to separate the domains in HRS responsible for merlin binding from those important for growth suppression. Previously, we demonstrated that regulated overexpression of HRS dramatically reduced RT4 rat schwannoma cell proliferation and that combined HRS and merlin overexpression resulted in an additional decrease in cell growth compared with the effects of either alone (31) . The domain responsible for HRS growth suppression maps to residues 498-550, which is outside of the predicted coiled-coil domain in human HRS important for merlin binding. Using a merlin inducible cell line, we now show that HRS overexpression further reduced RT4 colony number in concert with merlin overexpression. These results suggest that merlin and HRS overexpression have additive effects on growth suppression, but do not address the requirement of HRS for merlin growth suppression or vice versa. Interestingly, HRS fragments that do not bind merlin are still able to provide this additional growth suppression, arguing that HRS probably functions either downstream of or independent of merlin.
To address the requirement for HRS in merlin growth suppression, we utilized HRS À/À MEFs and demonstrated that merlin was unable to suppress cell growth in the absence of HRS expression. These results suggest that HRS functions downstream of merlin and that it is important for merlin growth suppression. In support of this downstream position, HRS growth suppression was unaffected by merlin expression and HRS was equally effective as a growth regulator in the presence or absence of merlin. Future genetic complementation studies in mice and Drosophila will be required to confidently position HRS and merlin function relative to each other.
Recent studies have elucidated the upstream signals that are important in merlin growth suppression. Proper membrane localization of merlin appears to be critical for merlin function, in that merlin mutants unable to associate with the cell membrane are defective as growth regulators (43, 44) . One such upstream molecule is the transmembrane hyaluronate receptor, CD44. Merlin binds to CD44 under growth arrest conditions (29) . Under these conditions, merlin exists in a relatively hypophosphorylated form. Conversely, in the growth-permissive state, merlin is hyperphosphorylated and exhibits decreased binding to CD44. In this model (45) , merlin growth suppression occurs in a specific cellular context and its association with CD44 is partially mediated by phosphorylation events (46, 47) . Another 'upstream' merlin interacting protein is paxillin, which binds to merlin and regulates its density-dependent localization (48) . Paxillin binds to merlin residues 50-70 contained within exon 2 and facilitates the localization of merlin to the cell membrane where it can interact with cell surface proteins, like CD44 and b1-integrin (49) .
While these studies shed light on the upstream signaling events relevant to merlin growth suppression, comparatively less is known about the pathways and events downstream of merlin that transduce the merlin growth suppressor signal. A number of potential interacting proteins have been identified over the years since the cloning of the NF2 gene. Some of these molecules also bind other ERM proteins (e.g. bII-spectrin) (25), while others have unknown functions (e.g. schwannomininteracting protein) (26) . One interesting merlin interactor that operates within a critical Schwann cell signaling pathway is HRS. Our results positioning HRS downstream of merlin in mammalian cells suggest that HRS may transduce merlin growth suppression. Several possibilities can be envisioned to explain how HRS might propagate merlin's signal. First, merlin may serve to bring HRS to the cell membrane where it can interact with key molecules. We examined the possibility that merlin overexpression might serve to redistribute HRS within cells. In these experiments, we observed no change in HRS subcellular distribution upon merlin induction (C.X.S., unpublished observations). Similarly, we did not see any change in merlin subcellular localization upon HRS overexpression. These results argue that this mechanism is unlikely to explain how HRS functions as a merlin signal transducer. Further studies will be required to determine whether HRS changes the ability of merlin to interact with specific cell membrane proteins.
Alternatively, merlin could bind to HRS and result in activation of HRS by facilitating its interaction with specific HRS effector proteins. While HRS growth suppression is not dependent upon merlin expression, merlin binding to HRS may allow HRS to function more efficiently as a negative growth regulator. In this fashion, merlin-mediated HRS activation would lead to decreased cell growth, perhaps by modulating pathways previously ascribed to HRS, such as endocytosis and exocytosis (50) (51) (52) (53) (54) (55) (56) (57) , lysosomal trafficking (42), TGF-b:Smad signaling (37), or Jun kinase (JNK) activation (38) . The role of HRS in JNK activation is particularly intriguing in light of experiments demonstrating increased JNK signaling in Nf 2 À/À mouse embryonic fibroblasts (46) . In addition, recent studies have indicated that HRS might participate in receptor tyrosine kinase (RTK) endocytosis (52) . In this model, HRS activation might modulate the endocytosis of RTK molecules (36, 39, 53) , like epidermal or hepatocyte growth factor receptor, to affect mitogenic signaling and cell proliferation. Additional studies will be necessary to dissect the mechanism(s) underlying HRS-dependent merlin growth regulation.
MATERIALS AND METHODS
Antibodies, plasmids, and cell lines
The merlin and HRS cDNAs used in these experiments were of human origin as described previously (30, 31) . HRS fragments were generated with PCR. The primers for PCR are: HRS 0 . PCR products containing a BamHI restriction site were initially cloned into pCR2.1 T/A cloning vector (Invitrogen Inc.) and sequenced in their entirety. HRS fragments were next subcloned into a pcDNA3.myc vector generated in our laboratory.
Mouse anti-myc monoclonal antibody (9E10), mouse antimyc monoclonal antibody agarose conjugates (9E10 AC) and rabbit anti-merlin polyclonal antibody (C18 and A19) were purchased from Santa Cruz Technology. Rabbit anti-HRS polyclonal antibody (Ab10802) was generated as described previously (30) . Tubulin (clone DM1A) was purchased from Sigma (St Louis, MO, USA).
The RT4 rat schwannoma cell line was maintained in complete DMEM with 10% FBS. Mouse embryonic fibroblasts (Hrs À/À ; Hrs þ/þ and Nf2 þ/þ ) and NIH3T3 cells were maintained in complete DMEM with 10% FBS. NF2-deficient (Nf2 À/À ) MEFs were provided by Dr Marco Giovannini (Fondation Jean Dausset, CEPH, France) and maintained in complete DMEM plus 10% FBS and 0.1 mM b-mercaptoethanol. The merlin inducible rtTA.merlin RT4 cells were maintained in complete DMEM with 10% FBS, selected by 500 mg/ml G418, and 1 mg/ml puromycin. Merlin expression was induced by addition of 1 mg/ml doxycycline.
In vitro and in vivo protein expression
To determine the expression of constructed HRS fragments in vitro, a nonradioactive coupled transcription/translation reaction was performed using the TNT 1 coupled Reticulocyte Lysate System (Promega) according to the recommended protocol. Nonradioactive products were separated by 12% SDS-PAGE and analysed by western blot using the 9E10 myc monoclonal antibody. To analyse the expression of truncated HRS fragments in vivo, RT4 cells were seeded in six-well plates and transfected with various HRS fragments using Lipofectamine according to the manufacturer's recommendations. Cell lysates were harvested 48 h later, separated by SDS-PAGE and analysed by western blot using the 9E10 myc antibody.
Growth suppression assay
Clonogenic assays were performed by transfecting cells with equimolar amounts of vector (pcDNA3.myc), pcDNA3.myc.HRS and various HRS fragments in pcDNA3.myc vector. Cells were selected in 500 mg/ml G418 for 14 days and the number of surviving colonies greater than 1 mm were counted in quadruplicate dishes after staining in 0.5% Crystal violet. In some experiments, transfected cells were selected in 500 mg/ml G418, 1 mg/ml puromycin and 200 mg/ml hygromycin. Merlin induction in rtTA.merlin RT4 cells lines was accomplished using 1 mg/ml doxycycline, as previously reported (15) . Each experiment was repeated at least three times with identical results.
To determine merlin or HRS function in genetically-defined MEFs, we transiently transfected equimolar amounts of vector (pcDNA3), pcDNA3.HRS, or pcDNA3.NF2 plus 10-fold less pBABE.PURO plasmid. Cells were selected by 1 mg/ml puromycin for 14 days, and surviving colonies were counted as above. Each experiment was repeated for four times with identical results.
GST protein affinity chromatography
Glutathione-S-transferase (GST)-merlin fusion proteins were generated as previously described (13, 58) . Briefly, GST.C-term merlin (residues 299-595) was transformed into DE3 (BL21) competent cells for fusion protein production. Bacteria were induced in 0.4 mM IPTG at room temperature for 20-21 hrs and GST fusion protein was collected on glutathione-agarose beads (Sigma) for the interaction experiments.
GST fusion protein was prepared as above for HRS-merlin interaction experiments with in vitro transcribed and translated HRS fragment proteins. In vitro transcribed and translated HRS fragment proteins were synthesized in the presence of [ 35 S]-methionine using the TNT 1 coupled Reticulocyte Lysate Systems (Promega) and detected by autoradiography. In these experiments, radiolabeled proteins were incubated with equimolar amounts of GST fusion protein immobilized on glutathione-agarose beads for 4 h at 4 C. Supernatants were saved and the beads were washed three times with TEN buffer (10 mM Tris-Cl pH 7.5, 150 mM NaCl, 5 mM EDTA, 1% Triton X-100) and eluted in 2Â Laemmli buffer. Supernatants and eluted bound fractions were separated by 12% SDS-PAGE and analysed by autoradiography. Each interaction experiment was repeated at least three times with identical results.
In vivo HRS interaction experiments
RT4 schwannoma cells were transiently transfected with merlin constructs and various HRS fragments using LipofectAMINE (Gibco BRL) and lysates prepared 48 h later using NP-40 lysis buffer (50 mM Tris, pH 7.4; 150 mM NaCl; 3 mM MgCl 2 ; 0.5% NP 40; 1 mM DTT; 1 mM PMSF; 10 mg/ml aprotinin; 10mg/ml leupeptin). Protein lysates were incubated with the myc antibody conjugated to agarose beads (Santa Cruz Biotechnology) for 2 h at 4 C followed by extensive washing with 1Â PBS. Eluted proteins were separated by SDS-PAGE and blotted with the C18 anti-merlin polyclonal antibody to detect merlin proteins. Membranes were probed with the 9E10 myc antibody after stripping with ECL stripping buffer (6.25 ml 1 M Tris, pH 6.8; 770 ml b-mercaptoethanol; 10 ml 20% SDS; ddH 2 O to 100 ml). Each experiment was repeated at least three times with identical results.
